The 43-kDa glycoprotein of Paracoccidioides brasiliensis is the major diagnostic antigen of paracoccidioidomycosis, the prevalent systemic mycosis of Latin America. Apart from eliciting high antibody titers, gp43 is also immunodominant in delayed-type hypersensitivity reactions in infected animals and humans. The cellular immune response in mice to gp43 administered in complete Freund's adjuvant involves CD4
Paracoccidioidomycosis (PCM) is a systemic granulomatous disease caused by Paracoccidioides brasiliensis, a thermal dimorphic fungus. It is widespread in South and Central America, mainly affecting rural workers. According to McEwen et al. (22) approximately 10 million people may be infected with this fungus and up to 2% of them may develop the disease. The incidence may increase due to forest destruction and a rise in iatrogenic immunosuppression procedures (41) . The acute or subacute form of PCM affects both sexes and chiefly involves the reticuloendothelial system. The chronic form affects adult males with predominantly pulmonary and/or mucocutaneous involvement (15) . Cellular rather than humoral immunity is the defense mechanism against both experimental and human PCM (8, 24) , and a correlation has been found between the severity of the disease and impaired delayed-type hypersensitivity (DTH) response (27) .
The glycoprotein gp43 from P. brasiliensis, which is secreted exocellularly by the infective yeast phase (30, 38) , is the main PCM diagnostic antigen (28) , being recognized by virtually all sera from infected patients by different serological methods (9, 39) . In addition to being immunodominant for antibody production, gp43 also contains epitopes which elicit positive DTH in both guinea pigs (31) and human patients (35) . Depletion of gp43 by immunoaffinity chromatography from a complex antigenic preparation generally used for skin tests is followed by negative reactions, implying that the T-cell epitopes of the glycoprotein are also immunodominant (31) .
gp43 may act as a virulence factor, since it is a receptor for laminin-1 (40) . Yeast cells coated with laminin are more invasive than untreated cells in a hamster intratesticular infection model, and this response can be modulated by anti-gp43 monoclonal antibodies (40, 16) . A strong antibody response against gp43, as observed in PCM, may counteract this antigen-mediated virulence, but as a whole, an increased antibody response against P. brasiliensis antigens, whether associated with polyclonal B-cell activation or not, does not induce protection (26) .
Considering the immunodominant cellular immune response elicited by gp43, which may halt the progression of the infection, along with a locally effective but generally unprotective antibody response to this antigen, we aimed in the present investigation at determining the epitopes mediating these immune responses and at selecting those that could be used in vaccination trials. We show here that a 15-amino-acid peptide (P10) contained in gp43 is responsible for glycoprotein-mediated T-cell activation and protection against PCM in BALB/c mice without eliciting antibodies directed against the native antigen.
MATERIALS AND METHODS
Purification of gp43 from P. brasiliensis. P. brasiliensis B-339, originally obtained from A. Restrepo-Moreno, Medellin, Colombia, was grown in yeast extract-peptone-dextrose (YPD) liquid medium for 7 days at 36°C with shaking.
The culture was killed by adding 0.2 g of merthiolate/liter filtered through a paper filter, concentrated in a vacuum at 40°C, and dialyzed against distilled water. Purification of gp43 was done by affinity chromatography on Affi-gel (Bio-Rad) bound to anti-gp43 monoclonal antibody (17C) as previously described (29) . Elution was carried out with 50 mM citrate buffer, pH 2.8. The eluate was concentrated in Amicon 10K cells, and the antigen preparation was monitored by sodium dodecyl sulfate-polyacrylamide gel electrophoresis revealed by silver stain. The protein content was determined by Bradford's method (5) .
Peptide synthesis and purification. Peptides were synthesized by the 9-fluoroenylmethoxycarbonyl technique (19) based on the method described by Atherton and Sheppard (3) with an automated benchtop simultaneous multiple solid-phase peptide synthesizer (PSSM 8 system; Shimadzu, Tokyo, Japan). Peptides were purified by high-performance liquid chromatography with a C-R7A Shimadzu UV-vis detector and a Shimadzu RF-535 fluorescence detector coupled to a Vydac C 18 analytical column. Amino acid analysis was carried out in a Beckman 6,300 amino acid analyzer following hydrolysis in 6 N HCl with 5% phenol at 110°C for 48 h. Matrix-assisted laser deabsorption ionization-mass spectrometry was performed on a TofSpec E instrument from Micromass, with a matrix of ␣-cyano-4-hydroxycinnamic acid.
Graphic analyses of antigenicity and structural parameters of the gp43 sequence containing P10. The Jameson-Wolff antigenic index, the Kyte-Doolittle hydrophilicity plot, Eisenberg's alpha helix amphipathic regions, Emini's surface probability plot, and the Sette major histocompatibility complex (MHC)II motif method were graphically analyzed by using the Protean program (protein sequence analysis) of Lasergene biocomputing software for Windows, 1994 (DNASTAR Inc., Madison, Wis.). The Jameson-Wolff antigenic index predicts potential antigenic determinants for antibody recognition by combining existing methods for protein structural predictions, starting with Hopp-Woods hydrophilicity values, then the Emini method for surface probabilities, and, finally, methods for the prediction of backbone or chain flexibility. Flexibility parameters and hydropathy or solvent accessibility are combined to determine the antigenic index. In the Kyte-Doolittle hydrophilicity plot, the regional hydropathy of proteins is predicted from their amino acid sequences. Positive values correspond in this plot to hydrophilic structures, and negative values correspond to hydrophobic structures. Hydropathy values are assigned for all amino acids and are then averaged over a defined window. The window we used averaged 11 amino acids. Amphipathic regions in helices define one polar and one apolar face. A majority of the known helper T-cell antigenic sites involve amphipathic helices. The hydrophobic moment of Eisenberg et al. (14) detects periodicity in protein hydrophobicity. The Sette MHC II motif method predicts peptide epitopes interacting with mouse MHC II haplotype d proteins. The method for I-A d based on a sequence pattern derived from hexapeptide residues of chicken ovalbumin protein was used.
Immunization of mice. BALB/c (H-2 d ), A/Sn (H-2 a ), and C57BL (H-2 b ) 15-g male or female mice were subcutaneously immunized with 50 g of gp43 or 20 g of P10 in complete Freund's adjuvant (CFA). The emulsion (50 l) was inoculated in one of the rear footpads. Control mice were injected with CFA alone.
Lymphoblast proliferation. Inguinal and popliteal lymph nodes (LN) from control and gp43-immunized mice were removed after 7 days, and the cells were dispersed manually and centrifuged at 1,500 rpm (Sorvall RT 6,000 D centrifuge) for 5 min; this process was repeated twice. The cell pellet was suspended in 1 ml of RPMI 1640 supplemented with 20 mM NaHCO 3 , 10 mM HEPES, 100 U of penicillin/ml, 100 mg of streptomycin/ml, 2 mM L-glutamine, 50 mM ␤-mercaptoethanol, 5 mM sodium pyruvate, and 100 mM nonessential amino acids with 1% normal human serum. The cells were counted in 1:1 dilutions in 0.1% trypan blue. Viable cells were cultured at a density of 4 ϫ 10 5 /well in 96-well Costar plates. Different concentrations of gp43 and constituent peptides in 20% dimethyl sulfoxide from 2-and 1-mg/ml stock solutions, respectively, were incubated at 37°C and 5% CO 2 for 144 h. Controls were run with complete culture medium or with 2 mg of concanavalin A. The LN cells from animals immunized with CFA alone were incubated with gp43 at 10 g/well. Sixteen to 24 h before the cells were collected, 1 mCi of [ 3 H]thymidine, (Amersham)/well, 84 Ci/mmol, was added. Proliferation was determined by incorporation of the radioactivity by the cells, and the results (expressed in counts per minute) are the means of triplicate determinations. All antigenic solutions were tested for endotoxin with the E-toxate kit (Sigma, St. Louis, Mo.). Initial proliferations with gp43 were also carried out in the presence of polymyxin B.
Lymphocyte proliferation induced by gp43 and P10. Lymphocyte proliferation induced by gp43 and P10 was analyzed in the presence or absence of anti-CD4 ϩ {clone GK1.5, isotype immunoglobulin G2b() [IgG2b()]} and anti-CD8 ϩ [clone 53-6.7, isotype IgG2a()] monoclonal antibodies (Pharmingen, San Diego, Calif.). Antibodies were added at the beginning of LN cell culture. Experiments were also conducted with LN cells from mice immunized either with gp43 or P10 and were tested for proliferation with both molecules.
Cytokine detection in culture supernatants. LN cells from gp43-and P10-immunized mice were suspended in supplemented RPMI medium as described above, but with 10% fetal calf serum and the addition of 30 U of human recombinant interleukin 2 (rIL-2)/ml. Cell suspensions of 4 ϫ 10 6 /ml were distributed in 24-well plates, and gp43 at 50 g/ml and P10 at 20 g/ml were added. After 6 days of incubation the culture supernatants were collected and the presence of gamma interferon (IFN-␥), IL-4, IL-5, IL-6, IL-9, IL-10, and IL-12 was analyzed by sandwich enzyme-linked immunosorbent assay (ELISA) and with a Pharmingen kit, following all directions except for the substrate, which was replaced by orthophenylenediamine (Sigma) at 500 g/ml, and the final reading at 492 nm. Recombinant cytokines (Pharmingen) were used for standard curves with the respective monoclonal antibodies.
For IL-2 detection, supernatant fluids from cell cultures (1 ϫ 10 7 cells/ml) in supplemented RPMI with 10% fetal calf serum but without rIL-2 and stimulated with gp43 and P10 were collected after 24 and 48 h of stimulation. These supernatants were added to 10 4 cells/well of an IL-2-responding murine tumorspecific cytotoxic T-lymphocyte line (CTLL) as described by Gillis et al. (17) . Cells were incubated for 24 h, and 0.5 mCi of [ 3 H]thymidine was added 6 h before collecting the cells on a fiberglass filter for radioactivity counting. Counts per minute are averages of three determinations. Negative controls were run with the RPMI medium alone or with rat monoclonal anti-mouse IL-2 antibody (clone S4B6, isotype IgG2a; Pharmingen). Another negative control included the supernatant of a LN cell culture stimulated by CFA alone. The positive control had the CTLL cells incubated with rIL-2 at 30 U/ml.
Intratracheal infection of BALB/c mice and immunization with gp43 and P10. BALB/c mice were inoculated intratracheally with 3 ϫ 10 5 yeast forms of virulent P. brasiliensis Pb18, grown in Sabouraud agar and suspended in sterile 0.85% NaCl saline solution, per animal. A maximal volume of 50 l was inoculated per mouse. CFU were determined after 1 and 3.5 months of infection in the lungs, spleens, and livers, which were removed, weighed, homogenized, and washed three times in phosphate-buffered saline (PBS) by centrifugation. The final suspension in PBS was plated on brain heart infusion agar supplemented with 4% fetal calf serum and 5% spent culture medium of P. brasiliensis as a growth factor. Gentamicin (garamycin) and cycloheximide were added at 40 and 500 mg/liter, respectively. The plates were incubated at 36°C and read after 20 days.
Parallel lots of BALB/c mice were immunized with gp43 and P10 by the following protocol. Antigens were emulsified with CFA, and 50 l of this emulsion containing either 50 or 20 g of gp43 or P10, respectively, were inoculated in one footpad of each animal. After 15 days, antigens at the same concentrations but solubilized in incomplete Freund's adjuvant were subcutaneously inoculated into the dorsal emergence of the tail, and 15 days later, the same emulsion was inoculated intraperitoneally. Control mice were inoculated with CFA and incomplete Freund's adjuvant only. The infection of immunized animals was carried out 15 days after the final immunization step.
Antibody response to gp43 in immunized, infected BALB/c mice. Antibody response to gp43 was determined 1 and 3.5 months after intratracheal infection of mice with virulent P. brasiliensis. Microtiter plates sensitized with 500 ng of purified gp43 were incubated with 100 l of mouse serum, serially diluted starting at 1:200 or 1:500, at 37°C for 1 h. The reaction was quantitated with goat anti-mouse Ig, depending on the isotype, for 1 h at 37°C, followed by donkey anti-goat Ig-biotin conjugate and reaction with streptavidin-peroxidase for 30 min at 37°C. After addition of the orthophenylenediamine reagent (500 g/ml) the reactions were read at 492 nm. The antibodies, conjugates, and substrate were from Sigma Chemical Co.
Histopathology of control and immunized mice. Groups of 5 to 7 BALB/c mice immunized either with gp43 or P10 were infected intratracheally and killed after 1 or 3.5 months. The lungs, spleens, and livers were excised, fixed in 10% buffered formalin, and embedded in paraffin for sectioning. The sections were stained with hematoxylin-eosin and examined microscopically (Optiphot-2; Nikon, Tokyo, Japan).
RESULTS
Primed lymphoblast proliferation induced by gp43 and constituent peptides. BALB/c mice subcutaneously immunized with gp43 (50 g/animal) in CFA provided, after 7 days inguinal and popliteal LN cells which proliferated in the presence of gp43 in a dose-dependent manner (Fig. 1) . No proliferation was observed when mice were immunized with CFA alone. Proliferation of LN cells from gp43-sensitized BALB/c mice was also observed with a 15-amino-acid peptide (P10) from a series of 25 chemically synthesized peptides spanning the entire sequence of gp43 (Fig. 2) . Popliteal and inguinal LN cells recruited by injection of CFA into the footpads of mice infected intraperitoneally with virulent P. brasiliensis 18 also proliferated with both gp43 and P10 (Fig. 3) .
Lymphoproliferative response in mice of different lineages. LN cells from gp43-or P10-sensitized mice of different lineages (BALB/c H-2 d , A/Sn H-2 a , and C57/BL H-2 b ) proliferated when stimulated with the homologous antigen (Fig. 4) . Immunization of mice with P10 (20 g/footpad in CFA) also rendered LN cells responsive to gp43 (not shown). LN cells from control animals immunized only with CFA did not proliferate with either gp43 or P10.
Lymphocyte populations induced by gp43 and P10. LN cells from BALB/c mice primed with gp43 proliferated when induced by gp43 and P10 to form populations of CD4 ϩ T lymphocytes inhibitable by anti-CD4 ϩ but not by anti-CD8 ϩ antibodies (not shown). LN cells primed with gp43 or P10, when stimulated in vitro with the homologous antigen, produce the Type 1 cytokines IL-2 and IFN-␥ but not Type 2 cytokines, at least within the detection limits of the ELISA method (Table  1) . With 4 ϫ 10 6 cells/ml, IFN-␥ was only detected when rIL-2 was added at 30 U/ml. With 10 7 cells/ml, 140 and 163 U/ml of IFN-␥ were induced by P10 and gp43, respectively, without further addition of IL-2. Lymphocytes restimulated with P10 for 10 days produced 560 U/ml of IFN-␥, which is a 10-foldhigher concentration than that of singly stimulated cells after 6 days. Restimulation with P10 was not followed by IL-4 and IL-10 detection in this system. Therefore, the cellular immune response induced by gp43 and by the immunodominant P10 in vitro involves predominantly CD4 ϩ T cells of the Th-1 subtype. An IFN-␥-producing Th-1 response to gp43 was also obtained in the H-2 a haplotype (200 and 60 pg of IFN-␥/ml was produced by A/Sn and B10A strains, respectively).
Graphic analysis of a 60-amino-acid sequence in gp43 containing P10. The Jameson-Wolff antigenic index showed several potential hydrophilic determinants for antibody recognition. P10 was contained in a 16-amino-acid sequence in gp43 with a negative antigenic index (Fig. 5A ). All but one of the other sequences in gp43 with negative antigenic indexes had fewer than 12 amino acids (data not shown). The prediction of the lack of antigenicity of P10 for antibody binding is coherent with its average hydrophobicity in the Kyte-Doolittle plot and with the low probability of its being expressed at the surface of the protein ( Fig. 5B and E) . The C-terminal residue of P10, which is a glycosylation site in the native glycoprotein according to Emini's plot, is expressed at the surface of the protein.
There are at least two amphipathic regions in P10 and flanking sequences which are consistent with a CD4 ϩ T-cell-reacting epitope (Fig. 5C ). The Sette MHC II motif method predicts peptide sequences which can be presented by MHC II haplotype d I-A molecules. As shown in Fig. 5D a sequence of 16 amino acids was selected that encompasses the entire P10 sequence. A few other sequences indicated in the graph had fewer than 12 amino acids (not shown) and therefore are not effectively presented in the MHC II context.
Mapping of the CD4 ؉ T-cell epitope in the P10 amino acid sequence. In accordance with the CD4 ϩ T-cell nature of the immune cellular response to gp43 and P10, which involves antigen presentation by MHC class II, only those peptides analogous to P10 of 12 or more amino acids were active for proliferation of primed lymphocytes (Fig. 6) . A set of 15 peptides were synthesized, all but one containing truncated sequences in relation to those of P10 (Table 2 ). Another set of peptides, based on the minimal nine-amino-acid core and with P10, the only responding peptide, has 15 amino acids. The peptides were tested at 10 g/ml. C, control with no antigen added; PH, phytohemagglutinin at 5 g/ml; CA, concanavalin A at 2 g/ml (positive controls); gp43 was at 50 g/ml. the same flanking amino acids as P10, was tested in an attempt to determine the basic requirements of the epitope for lymphocyte proliferation. Twelve-to 16-mer peptides analogous to P10 were only active in inducing proliferation when the Arg residue before Tyr was present. In mapping the nine-aminoacid putative core, those sequences in which Arg was replaced by hydrophobic amino acids (9743C and 9743G) were not epitopes. The amino acids YAN of the C-terminal sequence of P10 are not essential, since peptide 180D, which lacks them, is active. As for the N-terminal sequence, isoleucine-4 is not essential because peptide 9743E has the IAI sequence replaced by RTA and is as active as P10 itself (Fig. 7) . The three flanking amino acids QTL are not essential (peptide 180F is active), but the core sequence IAIHTLAIR needs additional amino acids for presentation in the MHC II context. The following combinations of flanking amino acids allow biological activity: QTL-YAN, KQTL-YAN, only QTL at the N terminus, only YAN at the C terminus, L-YA, TL-Y, and L-YAN; however, the first two combinations, present in P10 and 180A, are the best enhancers of the core-induced proliferation. The 12-amino-acid peptide LIAIHTLAIRYA was as effective as P10, showing that the terminal asparagine residue is not part of the T-cell epitope. The analysis of nine peptides with variable nine-amino-acid core sequences (Table 2) suggested that the sequence HTLAIR best fits the pattern of an epitope. Replacing Leu by Arg or Thr by Ser in the hexapeptide provides sequences which are still recognized but are less active as inducers of LN cell proliferation (Fig. 7) . Other alterations in the hexapeptide abolished its activity. Flanking the hexapeptide with Glu but not with hydrophobic amino acids inhibited its activity. In summary, the HTLAIR hexapeptide seems to be the essential sequence, which has to be flanked by a variable combination of amino acids for presentation in the MHC II context. Furthermore, the HTLAIR hexapeptide contains the 5-mer sequence of amino acids, polarhydrophobic-hydrophobic-hydrophobic-polar (TLAIR), predicted by Rothbard and Taylor (33) for potential Tlymphocyte antigenic determinants.
Protection by gp43 and P10 against P. brasiliensis challenge in BALB/c mice. BALB/c mice were immunized with gp43 and P10 and, after 45 days, were challenged by intratracheal inoculation of 3 ϫ 10 5 yeast forms of the virulent strain Pb 18. Control animals were immunized with Freund's adjuvant alone following the same protocol. One and 3.5 months after being infected, the mice were killed and CFU were quantitated in the lungs, spleens, and livers (CFU/g of tissue). After 1 month, counts were obtained in the lungs of infected animals without dissemination to the spleens and livers. Unimmunized infected mice had positive DTH reactions (an average of 0.3-mm swelling of the footpad) with gp43 (5 g) and P10 (5 g), with no increase in the size of the opposite footpad, which had been injected with PBS. The differences in the CFU of the immunized animals after 1 month were small but significant (P Ͻ 0.05). After 3.5 months the protection by gp43 and P10 was quite remarkable, with a difference in relation to the nonimmunized mice of at least 200-fold fewer CFU (Fig. 8) . Dissemination to the spleen and liver observed in the control mice was virtually abolished with P10 immunization and much reduced with gp43.
Antibody response to gp43 in infected, immunized mice. BALB/c mice infected intratracheally with virulent P. brasiliensis had a discrete antibody response to gp43 after 1 month and a much higher response after 3.5 months. Isotypes were compatible with combined Th-1 and Th-2 interleukin-mediated helper effects. Previous immunization with gp43 was followed by a polyclonal B-cell activation and high titers of antibodies against this glycoprotein. In contrast, immunization with P10, which is as protective as gp43 against intratracheal infection, was followed by a very limited antibody response against the glycoprotein in the infected animals ( Table 3) .
Histopathology of infected, immunized BALB/c mice. Control nonimmunized mice infected intratracheally showed multiple pulmonary foci of epithelioid granulomatous inflammation, with a loose, edematous arrangement, containing a great number of neutrophils and fungal cells in active multiplication. At 3.5 months postinoculation the overgrowth of the fungus and the confluence of the granulomata led to a paracoccidioma-like appearance with extensive destruction of the lung tissue (Fig. 9A) . Fungal hematogenous dissemination produced miliary granulomatous infiltrates in the liver and spleen (Fig. 9B) . In the gp43-immunized animals, the pulmonary lesions were few, small, and well demarcated, comprised of epithelioid, compact, pauciparasitic granulomas, with prominent lymphomonocytic halos (Fig. 9C) . In the P10-immunized mice, very few and small granulomas in the lungs were seen, with no detectable fungal cells in any sections examined; the lesions had the appearance of a resolved process (Fig. 9D) . In both groups of immunized animals there was no hematogenous dissemination of the infection.
DISCUSSION
The immunodominant properties of gp43 as an antibodyeliciting antigen, recognized in virtually 100% of sera from patients with PCM, suggested at first that this molecule would not have any role in protection against infection, since high antibody titers against specific components of P. brasiliensis are generally correlated with poor prognosis and aggravation of the disease. In a susceptible-resistant experimental murine model, Calich et al. (8) 
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progressive infection in the susceptible B10.A mice. In contrast, resistant A/Sn mice developed a strong DTH response to intraperitoneally inoculated P. brasiliensis and produced low levels of specific antibodies with no evidence of polyclonal B-cell activation. The observation, however, that the gp43 present in a crude antigenic preparation of P. brasiliensis was immunodominant in eliciting DTH reactions in infected guinea pigs (31) stimulated subsequent work to identify T-cell epitopes in this molecule. In fact, the cell-mediated immune response that leads to positive DTH reactions and acquired resistance to infection is mediated chiefly by T-helper cells of the Th-1 subtype (4, 10, 11, 21, 32, 36, 37) . In the present study, we have shown that short-term immunization with gp43 renders LN cells able to proliferate in a dose-dependent way with the homologous antigen. This response is compatible with both mouse haplotypes H- suggest that the immunological response to these epitopes can be relevant to the progress of the infection.
The search for the immunodominant T-cell epitope in gp43 involved analysis of 25 chemically synthesized peptides spanning the entire amino acid sequence of gp43, deduced from the gene sequence recently determined in our laboratory (10) . This set of peptides included 13-to 18-mer species. As has been seen, only the 15-mer peptide P10 was able to induce proliferation of LN cells primed by previous immunization with gp43. Moreover, mice immunized with P10 in Freund's adjuvant had LN cells that proliferated with either P10 or the native gp43 molecule. LN cells stimulated by P10 were also CD4 ϩ T cells of the Th-1 subtype, forming IFN-␥ and IL-2. Mapping of the T-cell epitope in gp43 also benefited from the Protean computer program of DNASTAR. The JamesonWolff antigenic index predicted several antibody binding regions and only two sequences with negative values in the 15-to 18-amino-acid range. One of these corresponded exactly to that of P10. This peptide domain was not expressed at the surface of the protein (lower-than-one values in the Emini probability plot) except for the C-terminal residues that contained the terminal asparagine residue, which is the sole Nglycosylation site of gp43 and which should be at the protein surface. The same region contained an average hydrophobic sequence for an 11-amino-acid window by the Kyte-Doolittle method, unlike most of the other regions of the molecule, which had average hydrophilic natures. Furthermore, the P10 region (residues 146 to 160 in the gp43 sequence) had two amphipathic regions which are compatible with T-cell epitopes and, more remarkably, P10 was the only sequence with 12 or more amino acids that was selected by the Sette MHC II motif method, implying that it fits into the MHC II, I-A d haplotype for presentation to CD4 ϩ T lymphocytes. These predictions were fully confirmed by the proliferation experiments, also suggesting that P10 is the only epitope in gp43 responsible for T-cell activation in BALB/c mice. Although P10 is also an inducer of T-cell proliferation in two other haplotypes, it is still not known whether additional peptides could also induce proliferation of these lineages.
To determine the structural requirements of the P10 15-mer sequence, and assuming that, theoretically, analogous peptides derived from it could be presented by both MHC classes I and II, a series of fragments ranging from 9-to 16-mer were synthesized (Table 2 ) and tested for their capacity to induce proliferation of LN cells primed with P10. As shown, only 12-mer and longer peptides were active, in accordance with a presentation by MHC II. A 9-mer amino acid sequence was initially defined as the epitope core, since the six amino acids flanking this sequence, half on each side, were not essential per se, provided three of them on one side or the other were kept to add to the 9-mer core to make a 12-amino-acid reactive sequence. Interestingly, the peptide in which the flanking Nterminal sequence contained only Leu and the flanking Cterminal sequence contained only Tyr and Ala (128C) was as active as P10, suggesting that gp43 is proteolyzed at the AlaAsn site, since Asn is glycosylated in the native molecule (2, 18). The core sequence was then investigated, keeping constant the flanking six-amino-acid regions. Based on the lymphoproliferative response, we have shown that the amphipathic sequence HTLAIR is the essential inner core of the epitope, in agreement with Rothbard and Taylor's (33) prediction of five-amino-acid determinants reactive with T cells. The possibility that the epitope included the four hydrophobic amino acids before His was ruled out by replacing the IAI sequence with RTA (9743E). A helical conformation for the epitope is suggested by the inhibitory effect of glutamic acid substitution adjacent to the inner core (9751C), probably interacting with Arg, which is an essential residue in the peptide. Alterations that eliminated the amphipathic nature of the inner core (9743G and 9751B) also precluded reactivity of the peptide. Comparison of P10 with the corresponding sequence of the related glucanase from Candida albicans (10) showed that in the latter the HTLAIR region was replaced by NTIFKK flanked by VTINVL and YGG, displaying a distribution of charged to hydrophobic residues different from that of the P10 epitope. The exoglucanases from Saccharomyces cerevisiae (EXG1 and SPR1) also showed important differences in this region.
Native or recombinant proteins, or fragments thereof, may induce proliferation of T cells from sensitized animals, but this property may or may not result in protection against infection. For instance, the recombinant hsp60 from Histoplasma capsulatum has domains that elicit a cellular immune response (cellmediated immunity) and is protective against sublethal and lethal challenges by the fungus (13, 18) . In contrast, the cellmediated immune responses to recombinant heat shock protein 70 and the H antigen from the same organism are not associated with protection (1, 12) . In P. brasiliensis, the P10 domain of gp43 elicits a strong cell-mediated immunity and is protective against intratracheal infection by a virulent strain of P. brasiliensis. This protective activity is undoubtedly related to the induction of an IFN-␥-secreting Th-1-lymphocyte population. The role of IFN-␥ in systemic fungal infections that can be cleared by activated macrophages has been reported previously. IFN-␥ is an important mediator of resistance to Cryptococcus neoformans (23, 34) and, together with tumor necrosis factor alpha, contributes to clearance of H. capsulatum cells in the infected host (25) . Mice given virulent Blastomyces dermatitidis develop a strong IFN-␥ response unlike those of mice that were inoculated with an avirulent isolate (25) . IFN-␥ has been shown to activate macrophages for increased fungicidal activity against P. brasiliensis or B. dermatitidis (6, 7), and we have recently shown that mice homozygous for the null mutation of the gene encoding the IFN-␥ receptor (20) are highly susceptible to infection by P. brasiliensis, compared with the wild type (39a). As an IFN-␥ inducer, P10 fosters a protective cellular immunity and has the advantage over gp43 that it does not elicit an antibody response, which is unable to control the infection and is often reported to accompany immunosuppression and anergy in patients with PCM. Mice infected with P. brasiliensis or immunized with gp43 and challenged with a virulent strain produced high IgG1 and IgE titers, and also IgG2a and IgG3, compatible with a mixed Th-1-and Th-2-inducible interleukin-mediated response in vivo. Such an antibody response, however, was not accompanied by anergy in the BALB/c model and did not interfere with the protection effect of gp43 in comparison with that of P10. The mixed Th-1-Th-2 response suggests that the gp43-derived peptides can be presented by different cells in the course of infection, leading to Th-1-and Th-2-lymphocyte activation and thus differing from the immunization response to this antigen and to P10 in CFA, which mainly activates inflammatory, IFN-␥-producing T cells.
Protection by gp43 and P10 against intratracheal infection in mice could also be documented by histopathology of the affected organs. While in the nonimmunized control mice the granulomatous inflammation was exudative and ill organized, containing numerous viable fungal cells and forming paracoccidioma-like masses in the lungs with dissemination to the liver and spleen, immunization with gp43 remarkably reduced the number, size, and nature of the granulomas; these lesions were well organized and compact, contained many dead fungal cells, and were efficient in preventing the dissemination of the in-fection to other organs. Immunization with P10 was also highly protective, as demonstrated by the presence of very few granulomas in the lungs with no fungal cells inside and the absence of dissemination lesions in the liver and spleen.
These results reinforce the conclusion that gp43, and particularly P10, protects against experimental infection in mice and offer the prospect of this major antigen and its epitopes also being effective in human patients.
